We conducted a 5-year retrospective cohort study on women undergoing caesarean section to investigate factors influencing the operating room-to-incision interval. Time-to-event analysis was performed for category-1 caesarean section using a Cox proportional hazards regression model. Covariates included: anaesthetic technique; body mass index; age; parity; time of delivery; and gestational age. Binary logistic regression was performed for 5-min Apgar score ≥ 7. There were 677 women who underwent category-1 caesarean section and who met the entry criteria. showed general anaesthesia to be the most rapid method with a hazard ratio (95%CI) of 1.97 (1.60-2.44; p < 0.0001), followed by epidural top-up (reference group), spinal anaesthesia 0.79 (0.65-0.96; p = 0.02) and combined spinal-epidural 0.48 (0.35-0.67; p < 0.0001). Underweight and overweight body mass indexes were associated with longer operating room-to-incision intervals. General anaesthesia was associated with fewer 5-min Apgar scores ≥ 7 with an odds ratio (95%CI) of 0.28 (0.11-0.68; p < 0.01). There was no difference in neonatal outcomes between the first and fifth quintiles for operating room-to-incision intervals. General anaesthesia is associated with the most rapid operating room-to-incision interval for category-1 caesarean section, but is also associated with worse short term neonatal outcomes. Longer operating room-to-incision intervals were not associated with worse neonatal outcomes.
Introduction
Lucas et al. described a classification system for grading urgency of caesarean section in 2000 [1] , defining four categories with clinical descriptions. This was subsequently endorsed by the Royal College of Obstetricians and Gynaecologists and the National Institute for Health and Care Excellence (NICE) [2, 3] . Category 1 is defined as compromise that is an immediate threat to the life of woman or fetus, and a decision-todelivery interval (DDI) of ≤ 30 min is recommended [2] . A meta-analysis found that the clinical significance of failing to achieve a DDI of 30 min in emergency caesarean section is uncertain [4] . However, some studies have demonstrated that for category-1 and -2 (compromise but no immediate threat to life of woman or fetus) caesarean deliveries, maternal and neonatal outcomes deteriorate if the DDI is > 75 min [5, 6] .
The DDI is composed of the times to transfer the woman to the operating room, establish anaesthesia and deliver the fetus surgically [7] . The operating room-to-incision interval (ORII) is defined as the time from entering the operating room to the start of surgery. With the exception of cases where epidural topup is started in the delivery room, all of the time to induce anaesthesia is contained within the ORII. There is a sparsity of published studies reporting the effect of anaesthetic technique on ORII at caesarean section and its subsequent impact on neonatal outcomes [8] .
The aims of this retrospective cohort study were to determine the effect of caesarean urgency category on ORII, and the effect of choice of anaesthetic technique and other factors on ORII and neonatal outcomes in category-1 caesarean section.
Methods
Following ethical approval by the Health Research Authority Research Ethics Committee, a retrospective cohort study was carried out at University College London Hospital Foundation Trust on women who underwent caesarean section over a period of five years between 1 January 2010 and 31 December 2014. Patients were identified using routine prospectively collected data from three sources: the hospital birth register; departmental anaesthetic procedure log; and operating room procedure log. Data from these sources were cross-referenced and linked using standard data linkage techniques. We included all women with a singleton pregnancy who delivered by caesarean section within the defined study period, except for those who were missing case data for anaesthetic type and nonphysiological variables. Mean imputation was used for missing physiological values.
We evaluated ORII as influenced by anaesthetic technique for category-1 caesarean section using timeto-event analysis, applying a repeated univariate Cox proportional hazards regression model [9] . Additional covariates were chosen for inclusion based on: prior evidence; scientific plausibility; and exclusion of collinearity. ); maternal age; parity (dichotomised to 0 or ≥ 1); in-hours delivery (08:00-18:00 h); and gestational age. The final multivariable Cox model included both significant and non-significant covariates for explanatory purposes.
Binary logistic regression was performed on the category-1 caesarean section group. The dependent outcome variable was short-term neonatal outcome, with a good outcome defined as a 5-min Apgar score ≥ 7. Multiple pregnancies were re-introduced so as to consider the outcome for each neonate separately. Covariates in this analysis included: anaesthetic technique; BMI; maternal age; parity; in-hours delivery (08:00-18:00 h); gestation; and ORII categorised by quintile.
Standard assumption testing was completed by checking for independent errors as confirmed by the Durbin Watson statistic. Collinearity was assessed by checking that the individual variance inflation factor, mean variance inflation factor and tolerance fell between the advised ranges. All statistical analyses were performed using R Version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria).
Results
During the 5-year period, 9634 patients delivered by caesarean section. There were sufficient data to analyse ORII with respect to urgency category in 9486 (98%; There were 832 (8.6%) patients who had category-1 caesarean section, of whom 717 (86%) had complete anaesthetic data and 677 (81%) met inclusion criteria for time-to-event analysis of ORII (Fig. 1) . The covariates under investigation grouped by anaesthetic technique are shown in Table 1 . The results for the Cox regression analysis with ORII as the response variable are shown in Table 2 . Epidural top-up was used as the comparator for anaesthetic type as this was the largest group; in comparison, general anaesthesia was associated with a shorter ORII (p < 0.0001), whereas spinal anaesthesia and combined spinal-epidural (CSE) were associated with a longer ORII (p = 0.02 and p < 0.0001, respectively). Adjusted time-to-event curves stratifying the data by anaesthetic technique are presented in Fig. 3 . ORII was found to differ significantly between anaesthetic technique (log-rank p < 0.0001, approximated by v 2 = 98. and overweight (p < 0.01) groups were associated with a longer ORII. This effect was not, however, observed in the obese cohort (p = 0.10). Other covariates were not associated with a statistically significant change in ORII.
Results for the binary logistic regression analysis are shown in Table 3 . In comparison with epidural top-up, the use of general anaesthesia was independently associated with an increase in depressed 5 min Apgar scores (p < 0.01), but spinal anaesthesia did not have an effect. Combined spinal-epidural did not show any variability in the outcome as all cases had a 5 min Apgar ≥ 7, therefore, a regression coefficient could not be estimated. Other covariates were not associated with a change in neonatal outcomes.
Discussion
We have demonstrated a significant effect of caesarean section urgency category on ORII, with the greatest difference being between category 1 and other categories. For a category-1 caesarean section, we found a significant difference in the ORII depending on the technique of anaesthesia used. There was no relationship between duration of ORII and depressed 5-min Apgar scores, but general anaesthesia was associated with lower Apgar scores. The literature in this field is primarily focused on the DDI. General anaesthesia is consistently associated with shorter DDI than spinal and CSE [8, [10] [11] [12] [13] [14] [15] [16] . Epidural top-up is sometimes found to have a comparable DDI to general anaesthesia [12] . Obesity may prolong the DDI [17] , whereas the effect of operating out-of-hours is inconsistent [17] [18] [19] .
The ORII includes the time from arrival in the operating room until the start of anaesthesia, provision of anaesthesia and time from completion of anaesthesia until the start of surgery. Warren et al. found that median times for operating room-to-delivery interval in 'immediate birth' caesarean section were consistently longer than our ORII data [20] . Newton Dunn et al. are the only other group to report on ORII; they describe this as 'anaesthesia time', stating that anaesthesia started immediately on arrival in the operating room. The mean (SD) time to induce general anaesthesia was 3.1 (1.7) min, compared with 5.2 (4.2) min for all cases performed with regional anaesthesia. Caution should be exercised when interpreting these figures as they are substantially shorter than our data, implying different methods of measurement [8] .
Using epidural top-up as the comparator, general anaesthesia was quicker and other regional anaesthetic methods were slower. Combined spinal-epidural was associated with a clinically-relevant increase in ORII, although we do not have information on why it was selected. It is not a routinely utilised technique in our unit for urgent cases, and it is possible that it was used The ORII was higher in women who did not have a normal BMI, although this was not significant in multivariate analysis for obese women. This possibly reflects heightened awareness of obesity, and hence greater preparation, but we cannot rule out lower numbers in this cohort reducing statistical power. The increased ORII in underweight women is an unexpected finding, and remains unexplained. We found no difference in ORII for caesarean section performed out-of-hours compared with normal working hours. Staffing arrangements are highly variable in different countries, which may explain the different findings of the effect of operating start time on DDI [18, 19] .
The use of regional anaesthesia at caesarean section is supported by NICE as it is 'safer and results in less maternal and neonatal morbidity than general anaesthesia' [2] . No differences have been found between regional and general anaesthesia on neonatal outcomes in the elective setting [21] .
However, in the context of fetal compromise and category-1 caesarean section, choosing to allow additional time for regional anaesthesia, or to administer more rapid general anaesthesia is a familiar dilemma. General anaesthesia has been associated with neonatal depression in category-1 cases [5] , and it has been suggested that this reflects the extent of fetal compromise leading to surgery. Beckman et al. attempted to correct for this by including fetal acidosis in a multivariate analysis. General anaesthesia remained a significant risk factor for neonatal depression after adjustment for confounders [13] . Our data demonstrate an independent association between general anaesthesia and depressed 5-min Apgar scores when controlling for confounders including ORII. There was no relationship demonstrated between quintile of ORII and neonatal depression. Our results support this growing consensus that general anaesthesia is independently associated with worse short-term neonatal outcomes. The main limitation of this approach is that we have not directly controlled for delivery indication or fetal distress. For this reason, the use of ORII by quintile acts as a surrogate marker of urgency.
In summary, these data suggest differences in the ORII for different anaesthesia types at category-1 caesarean section, with general anaesthesia being the most rapid. High and low BMI were associated with increased ORII. There was an association between general anaesthesia for category-1 caesarean section and worse short-term neonatal outcomes. These findings may help inform decision making for anaesthetic technique in this situation.
